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mors with wild-type Ras showing very low levels of
PITX1. The strong implication is that, in these tumors,
endogenous wild-type Ras proteins are activated due
to reduced levels of the negative regulator RASAL1
downstream of suppression of PITX1 expression. The
evidence that PITX1 is a significant tumor suppressor
gene in human cancer remains largely circumstantial but
is clearly worth further study.
These two studies highlight the power of selective
screens using vector-based RNA interference libraries
to uncover important novel players in human cancer.
Two important mechanisms of carcinogenesis are high-
lighted: loss of suppression of neurotrophic genes in
nonneuronal tissue and loss of expression of negative
regulators of Ras. The prospects for gaining many more
insights into the process of carcinogenesis using these
technologies now look bright.
Julian Downward
Signal Transduction Laboratory
Cancer Research UK London Research Institute




Albert, M.L., and Darnell, R.B. (2004). Nat. Rev. Cancer 4, 36–44.
Berns, K., Hijmans, E.M., Mullenders, J., Brummelkamp, T.R., Velds,
A., Heinerikx, M., Kerkhoven, R.M., Madiredjo, M., Nijkamp, W.,
Weigelt, B., et al. (2004). Nature 428, 431–437.
Brummelkamp, T.R., and Bernards, R. (2003). Nat. Rev. Cancer 3,
781–789.
Chong, J.A., Tapia-Ramirez, J., Kim, S., Toledo-Aral, J.J., Zheng, Y.,
Boutros, M.C., Altshuller, Y.M., Frohman, M.A., Kraner, S.D., and
Mandel, G. (1995). Cell 80, 949–957.
Douma, S., Van Laar, T., Zevenhoven, J., Meuwissen, R., Van Gar-
deren, E., and Peeper, D.S. (2004). Nature 430, 1034–1039.
Downward, J. (2004). Oncogene 23, 8376–8383.
Kolfschoten, I.G.M., van Leeuwen, B., Berns, K., Mullenders, J.,
Beijersbergen, R.L., Bernards, R., Voorhoeve, P.M., and Agami, R.
(2005). Cell 121, this issue, 849–858.
Paddison, P.J., Silva, J.M., Conklin, D.S., Schlabach, M., Li, M., Aru-
leba, S., Balija, V., O’Shaughnessy, A., Gnoj, L., Scobie, K., et al.
(2004). Nature 428, 427–431.
Walker, S.A., Kupzig, S., Bouyoucef, D., Davies, L.C., Tsuboi, T.,
Bivona, T.G., Cozier, G.E., Lockyer, P.J., Buckler, A., Rutter, G.A., et
al. (2004). EMBO J. 23, 1749–1760.
Westbrook, T.F., Martin, E.S., Schlabach, M.R., Leng, Y., Liang, A.C.,
Feng, B., Zhao, J.J., Roberts, T., Mandel, G., Hannon, G., et al.
(2005). Cell 121, this issue, 837–848.DOI 10.1016/j.cell.2005.06.002
Getting Downstream
without a Raft
The role of plasma-membrane microdomains in the
organization of signaling proteins has been a contro-
versial topic in T cell signaling. In this issue of Cell,Douglass and Vale (2005) use single-molecule fluo-
rescence to suggest that protein-protein interactions,
not detergent insolubility, regulate the assembly of
signaling complexes in the plasma membrane.
In 1972, Singer and Nicolson first proposed the fluid
mosaic model of the plasma membrane; the model
suggested that heterogeneous complexes of proteins
and lipids were free to move laterally within the plasma
membrane. While it has become clear that proteins
such as clatharin and caveolin organize some areas of
the plasma membrane into discreet regions, the idea
that some membrane microdomains are driven and
held together by specific lipid combinations has been
somewhat more difficult to prove. Current views of
lipid-based plasma-membrane microdomains are syn-
onymous with the concept of “lipid rafts” and based
largely on the biochemical property of insolubility in
cold, nonionic detergents (reviewed in Munro, 2003; Si-
mons and Vaz, 2004). Because of this, they are known
by other names such as detergent-resistant membranes
(DRMs) and detergent-insoluble glycosphingolipid-
enriched complexes (DIGs). These detergent-insoluble
fractions contain high concentrations of glycosphingol-
ipids, sphingomeylin, and cholesterol, presumably al-
lowing the membrane to pack tightly, therefore confer-
ring resistance to detergent solubilization. Since many
signaling proteins are also preferentially enriched in
these detergent-insoluble fractions, the hypothesis that
lipid rafts serve as platforms for signaling has become
very popular.
In T cells, the idea that lipid rafts serve as signaling
platforms is supported by the observation that the T
cell receptor, which partitions into detergent-soluble
fractions in resting T cells, moves into detergent-insolu-
ble fractions following T cell activation (reviewed in
Harder, 2004; He et al., 2005). Also, essential T cell sig-
naling molecules, such as the Src family kinase Lck and
the adaptor protein LAT, are acylated at their N termini,
conferring detergent insolubility (Paige et al., 1993;
Zhang et al., 1998). Since point mutants of Lck and LAT
that prevent acylation could not reconstitute signaling
in cell lines deficient in the respective proteins, it was
largely concluded that recruitment into detergent-insol-
uble fractions was required for these proteins to signal
(Kabouridis et al., 1997; Lin et al., 1999).
In this issue of Cell, Douglass and Vale use total in-
ternal reflection fluorescence (TIRF) microscopy to
track the movement of a single fluorescently tagged
signaling molecule at the plasma membrane (Douglass
and Vale, 2005). TIRF allows for the fluorescence visual-
ization of molecules in or at the plasma membrane be-
cause it only emits the excitation light in a very narrow
area at the membrane (<100 nm). By eliminating fluo-
rescence from deeper focal planes, background fluo-
rescence is greatly reduced, enhancing the sensitivity
of detection to the point that single molecules can be
tracked. From their data, they concluded that the bio-
chemical property of detergent insolubility does not
predict whether proteins reside within microdomains at
the cell surface. Rather, protein-protein interactions can
create plasma-membrane microdomains and deter-
mine what molecules are retained or excluded.
Using GFP-tagged signaling proteins, Douglass and
Cell
816Vale measured diffusion coefficients between various J
signaling proteins. In their system, T cells were acti- D
vated by plating on glass coverslips coated with an- W
tibodies to the T cell receptor. These immobilized 6
antibodies not only initiate T cell activation but also S
hold the T cell receptor in clusters at the cell surface
where they can be visualized. One hypothesis tested is
Sthat if the property of detergent insolubility regulated
the clustering of signaling molecules, their lateral mo-
D
bility should be constrained. As a “raft” marker, they
Hfused the N terminus of Lck (which is acylated) to GFP.
HThus, if activated T cell receptors recruit lipid rafts, they
2
expected to find recruitment of the “raft” marker to
Kclusters of T cell receptors. They found that their “raft”
4
marker was highly mobile, suggesting that it was not
K
confined to a lipid-based microdomain and presumably
Lrandomly distributed in the plasma membrane, which 2
confirmed previous results from Kenworthy and Edidin
M
(Kenworthy and Edidin, 1998).
P
In contrast to their raft marker, which was always l
highly mobile, lateral mobility measurements of Lck and
S
LAT showed that these molecules could undergo an S
abrupt transition from a highly mobile to a highly immo- Z
bile state. This transition in mobility required the ability 2
of Lck and LAT to interact with other proteins. Because
Dof these observations, they proposed that highly mobile
signaling molecules diffusing in the plasma membrane
randomly encounter activated signaling complexes.
When the proper protein-protein interaction domain is
present, this encounter results in the capture of the sig-
naling molecule by the nascent signaling complex.
Photobleaching experiments further supported their
idea that signaling clusters were not fixed but rather
constantly exchanging molecules, presumably through
the formation and dissociation of protein-protein in-
teractions. This exchange of molecules into and out of
signaling clusters was observed directly using dual-
color imaging where the trajectory of a single GFP-
tagged protein could be imaged relative to a more im-
mobile signaling cluster marked with RFP. Using this
approach, Douglass and Vale found that immobilization
of a single molecule occurred more frequently when it
spatially overlapped with a signaling cluster; however,
this immobilization was generally transient. Upon leav-
ing the signaling cluster, the molecule could return to a
highly mobile state rapidly diffusing into other areas of
the plasma membrane. Thus, Douglass and Vale were
able to visualize for the first time the assembly of sig-
naling complexes mediated by the stimulation through
the T cell receptor.
This study by Douglass and Vale challenges many of
our assumptions and models regarding plasma-mem-
brane microdomains and their role in T cell signaling.
While these results suggest that detergent insolubility
does not serve as the organizing principle for the as-
sembly of signaling complexes at the plasma mem-
brane, they also do not invalidate the existence of lipid
rafts or their participation in T cell signaling. The results
obtained here are compatible with the idea that lipid
rafts are either extremely small and highly dynamic or
that they constitute a significant proportion of the
plasma membrane. Hopefully, the implications of this
paradigm shift will begin to shed light upon the role
these plasma-membrane microdomains play in mediat-
ing signals downstream of the TCR.oseph Lin and Andrey S. Shaw
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